Planar channeling effects on 3-inch GaAs wafers with a (ooj") surface wer.e investigated to improve the threshold voltage uniformity of GaAs MESFETs over an ent,ire wafer using a stereographic projection technique. This technique was found to be very useful for a quantitative understanding of the relationship between the direction of an incident, ion beam and the wafer orientation during implantation. The ratio, N (x., ) /N (xr) , of peak carrier concentration at a depth of X1 to carrier concentfation'at depth of X'--ZX^ | obtained from the carrier deptl profiles, was mapped over an entire wafer to determine the area where the planar channeling occurred on a stereographic projection. The most uniform implants were obtained at an azimuthal angle of 26.5" by tilting the wafer 10o, as a result of analytical and experimental procedures.
I. Introduction
In recent years, the planar channeling effects have become a crucial problem in controlling the threshold voltage (Uafr) with fine accuracy for realizing LSl-grade GaAs ICs. Kasahara, et dI., reported on the effect of channeling on Uah distribution in a 2-inch GaAs r"f.rl).
They showed an improvement of Vah uniformity by changing the t,ilt angle from 60 to 10o, and also obtained uniform Uah distribution throughout the 2-inch wafer using a tilt angle of 90 and an azimuthal angle of ZZ.So. However, a systematic investigation for obtaining optimized angular conditions, especially azimuthal angular conditions, to prevent planar channeling effects is required to realize more uniform implants. analytical technique for understanding the channeling effect,s using stereographic projection, and propose an azimuthal angle effectsr ds a result of both analytical and experimental procedures. The ion beam deflection angles for horizontal (X) and vertical (Y) scanning across center-to-edge in a 3-inch wafer are depicted as A* and Ay, which were calculated to be L.55o and 1.360, respectivelyT from the geometry of the used implantation system. Figure 2 shows the beam direction and the wafer orientation angles on a part of a stereographic projection of a cubic crystal (usually The pinch-off voltage, Vp, was also derived from the product of carrier concentration, N(X), and depth, X. Figure 4 shows the variation in R and Vp as a function of the azimuthal angle(Q) ranging from 0o to 45o for tilted wafers at 7o. Minimum values of R appeared at Oo and 45o, corresponding to the results from tffO) and {fOO} planar channeling was found to be much larger than that of tfOO) planar channleing by comparing the R-va1ues. On the other hand, a maximurn value of R lras indicated at an azimuthal angle of 3Oo. The calculated threshold voltages were dependent very little on the azimuthal angles ranging from 2Oo to 35o, in which R showed values larger than 6. Thus, the azimuthal angle of 30" can be concluded to be optimal for minimizing the plannar channeling effects in a GaAs wafer with a (001) surface. However, as will be shown in Fig.5 , this angular condit,ion for reduci-ng planar channelings is valid only near the center section of a 3-inch wafer and for an implanter system with a flex beam angle varying from Oo at the center to 0.4o at the 3-inch wafer edge. Figure 5 represents an R-map on a stereographic projection. The dotted field corresponds to that for R values smaller than 6, which is considered in this experiment as the extent, to which planar channeling affects threshold voltage uniformity by referring to the result of Fig.4 . As evident from Fig.5 As an important, resul-t, the effects of the ttOO) and {ffO} planar channelings were clearly improved by a tilt angle of LOo rather than 7o, and the most uniform implants were obtained by an azimuthal angle of 26.5o.
IV. Results and Discussion

V. Conclusion
In the present studyr w€ demonstrated that the stereographic projection technique El: 4.5 ffi: 6.5 is very useful for understanding the angular relationship between the incident beam direction and the orientation of the najor crystal planes during implantation. As a result of both analytical and experimental investigations, the azimuthal angle for minimizing the planar channeling effects in GaAs was found to be 26.5" when tilting the wafer at 10o.
